Most of the projects in the built environment system are unique in nature and different in design, construction, and operations. Thus, it is difficult to establish a streamlined flow in the entire process of the complex built environment system and to arrange and optimize the required resources in a timely manner. To address this challenge, it is necessary to reduce the complexity of the built environment system and to provide the decision-makers with timely and accurate information for making better decisions. For achieving this objective, this paper aims to develop a conceptual framework for an Intelligent Planning Unit (IPU) for the complex built environment system, which consists of three phases (i.e., IPU planning, IPU application, and IPU network). An IPU represents a well-defined planning unit that can be initiated to achieve a specific purpose (e.g., cost, schedule, materials, and process). An IPU can be defined by breaking down the physical entities and processes in the complex built environment system into carefully planned units (even nano-scale units). A well-defined IPU can be replicated and implemented at the different levels of complexity; and then, it can be improved through a refinement process using the intelligent feature of communication. This paper illustrated the IPU concept through several examples and also highlighted possible challenges and opportunities in implementing the IPU concept in the complex built environment system. This paper is designed to ensure that a project meets the client expectations on various aspects in the complex built environment system.
Introduction
Most of the projects in the built environment system are unique in nature and different in design, specifications, construction, and operations. Accordingly, it is difficult to establish a streamlined flow in the entire process of the complex built environment system and to arrange and optimize the required resources (e.g., labour, materials, and machinery) in a timely manner. Namely, it is hard to ensure that a project meets the client expectations on various objectives (such as time, cost, quality, and safety) in the complex built environment system [1, 2] . To address this challenge, it is necessary to reduce the complexity of the built environment system and to provide the decision-makers with timely and accurate information.
Several previous studies have attempted to solve the complexity of the built environment system. Albreshne et al. [3] proposed an ontology-based model for better residential environment by integrating the smart objects for energy saving and user comfort. Niu et al. [4] represented smart construction objects to address the complex construction projects. Rodriguez-Molins et al. [5] used the intelligent planning technique to minimize the number of reshuffles as the complex problem in maritime container terminals. Shafle et al. [6] developed the smart surveillance system based on the humans and cars identification technique. As such, even if the previous studies have focused on different aspects to reduce the complexity of the built environment system, the understanding of the intelligent planning at a modular scale in the complex built environment system is limited. Therefore, this paper aims to develop a conceptual framework for an intelligent planning unit (IPU) for the complex built environment system.
Conceptual framework for the proposed intelligent planning unit
Since a built environment is a complex system of systems in facilities and in planning process, it can be composed of scalable systems from a nano-scale level to a large-scale level such as cities or beyond. Similarly, the planning can be done in scalable modules or units that have been carefully designed and optimized with a well-defined purpose. In this context, this paper defines such units as an IPU, which is a new concept and paradigm to allow the complex built environment system to be more intelligently planned, to be more sustainably operated, and to be more systematically interacted. An IPU represents a well-defined planning unit that can be initiated to achieve a specific purpose and function, such as cost, schedule, safety, productivity, materials, and process. This paper aims to provide a fundamental understanding of the impacts of the nano-scale objects on the complex built environment system that enables to utilize the novel properties of the nano-scale objects for realizing the intelligent built environment system. An IPU can be developed by breaking down the physical entities and processes in the complex built environment system into carefully planned units (even nano-scale units). A well-defined IPU can be replicated and implemented at the different levels of complexity, which can be expanded to any type of physical entities in the complex built environment system. An IPU can be improved through an integrated and self-organized refinement process, based on the intelligent feature of communication. Namely, an IPU can interact with each other at any scale by implementing the emerging technology such as the Internet of Things (IoT) technology. As a result, it is possible to reduce the complexity of the built environment system, to accumulate the knowledge at the different levels of complexity, to enhance the project performance, and finally to provide the decision-makers with timely and accurate information for making better decisions. Fig. 1 shows the three-phase implementation process of an IPU: (i) IPU planning in the virtual world (or digital world); (ii) IPU application in the real world (or physical world); and (iii) IPU network that can enable the IPUs to interact between the virtual world and the real world.
IPU planning
An IPU can be clearly designed with its objective and functions, and the suitable properties and the associated specifications in the virtual world (or digital world). For realizing the well-defined objective in a right way, the nanotechnologies with special characteristics (e.g., self-cleaning, lighter and stronger products, and enhancing the physical quality) [7] and the computer-aided methodologies (e.g., data-mining, artificial intelligence, geographic information system, optimization, agent-based model, and stochastic analysis) can be used to newly initiate the IPU concept at the different levels of complexity. Furthermore, it is necessary to establish the IPU strategy that includes the detailed information on the physical entities (from a nano-scale level to a larger-scale level such as cities or beyond) to which an IPU is applied, the life cycle processes (e.g., planning, design, construction, and operations) to which an IPU is implemented, and the stakeholders as decision-makers who get involved in an IPU. 
IPU application
An IPU can be defined as the object-oriented planning unit through the process of abstraction, which seems to look very different from the existing planning process in the complex built environment system. Since an IPU can be defined with the clear objective at a modular scale, the decision-makers can build up their understanding of the characteristics of an IPU before the actual application. Also, they gradually become aware of the interaction with the external environment as well as the internal features of an IPU after the actual application. In addition, several IPUs can be combined to realize a large-scale objective in the complex built environment system, which can be called a composite IPU. With the understanding of an IPU, it can be replicated and implemented in the complex built environment system as the original application with its principle or as the revised application with improved performance through some modifications. Furthermore, an IPU can be implemented at different levels of complexity (i.e., any level of the physical entities, such as nano-particles, intelligent brick, intelligent room, and intelligent building). When it scales up, a set of IPUs can be expanded to a large-scale level such as cities or beyond with different objectives (e.g., intelligent green space, intelligent central city, intelligent residential city, and intelligent industrial city), (refer to Fig. 2 ).
IPU network
After implementing an IPU in the real world, an IPU can be augmented with the embedded technologies (e.g., the emerging technology such as the IoT technology) to enable better decision-making. All of the IPUs can talk to each other between any levels and interact with the external environment (even stakeholders as decision-makers who would be in charge of them) as well as the internal features. Furthermore, all of the operating information on the IPUs can be integrated to the knowledge center (i.e., cloud) in a real time, which makes it possible to accumulate the knowledge and to enhance the project performance. Meanwhile, it is possible to result in the difference between the as-planned and as-built performance of an IPU due to various reasons. Thus, it is necessary to make efforts to ensure that an IPU meets the as-planned performance, which can be achieved through a refinement mechanism in the IPU improvement cycle (i.e., data measurement, data collection, data analysis, and decision-making). 
Example scenario for an IPU
This paper provides example scenario for an IPU that can be used in the planning stage of a project to clearly illustrate the concept of an IPU. Based on a well-defined IPU strategy, the concept of an IPU can be implemented to the various aspects with different purposes as follows.
Elemental cost planning for project contract in planning and design phase For example, as shown in Fig. 3 , four types of IPUs (e.g., IPU #A for solar photovoltaic blind, IPU #B for indoor environmental conditions, IPU #C for external environmental conditions, and IPU #D for human health conditions) can be designed. Depending on the needs of the decision-makers, various types of composite IPUs (e.g., a special brick) could be designed and developed. After that, special bricks (i.e., IPU bricks) can be replicated and implemented to the different types of IPU buildings, such as virtual reality lab in aerospace building, accelerator experiment lab in mechanical building, and irradiation experiment lab in biomedical building. That is, a set of IPU bricks with unique properties can lead to an IPU room, and similarly, a set of IPU rooms (with different functions) could lead to a welldefined IPU buildings. Furthermore, when it scales up, the IPU buildings could be applied to the IPU campuses that could lead to the IPU cities or beyond. Meanwhile, the IPUs can interact with each other in terms of the external environment as well as the internal features, based on the IoT technology. Also, the performance of the IPUs can be improved through a refinement process using the intelligent feature of communication. 
IPU challenges and opportunities
This paper highlights possible challenges and opportunities in implementing the IPU concept in the complex built environment system. First, the decision support tools should be developed for the robust IPU planning that can be used for forecasting whether or not the objective of an IPU would be successfully achieved. Second, the various scenarios for the IPU application should be developed for potential users to clearly understand and appropriately implement the concept of an IPU in the complex built environment system. Third, the dynamic growth curve should be developed for evaluating the difference between the as-planned and as-built performance of an IPU, which can be connected to the refinement process in the IPU improvement cycle. Fourth, the best practices for an IPU should be developed to realize the well-defined objective of an IPU and to consistently enable the quality of an IPU to be superior to the others. Fifth, the IPU strategic plan for the future research should be developed to provide a broad spectrum of the concept of an IPU.
Conclusions
This paper presents part of a larger study being conducted by the authors. This paper presented a conceptual framework for an IPU as a new thought process, which is designed to enable the complex built environment system to be more intelligent. Although several previous studies have attempted to solve the complexity of the built environment system, the understanding of the intelligent planning at a modular scale in the complex built environment system is limited. To address this challenge, this paper developed the concept of an IPU at different levels of complexity. This paper illustrated the IPU concept through several examples and also highlighted possible challenges and opportunities in implementing an IPU in the complex built environment system. The concept of an IPU is designed to ensure that a project meets the client expectations on various aspects in the complex built environment system.
